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Description 
field of the hiyentton 

The present invention relates to a test device and 
method for the determination of anatytes in aqueous flu- 
ids, particularly whole blood. In a specific embodiment 
itconcernsatest device and method for optically meas- 
uring the concentration of glucose in whole blood 



Background of tea InvgtjgQ 

The quantification of chemical and biochemical 
components In colored aqueous fluids, in particular 
colored biological fluids such as whole blood and urine 
and biological fluid derivatives such as blood serum and 
blood plasma, is of ever-increasing importance. Impor- 
tant applications exist in medical diagnosis and treat- 
ment and in the quantification of exposureto therapeutic 
drugs, intoxicants, hazardous chemicals and the like. In 
some instances, the amounts of materials being deter* 
mined are either so minuscule-in the range of a micro- 

termine that theapparatus employed is complicated and 
useful only to skilled laboratory personnel. In this case 
the results are generally not available for some hours or 
days after sampling. In other instances, there is often 
an emphasis on the ability of lay operators to perform 
the test routinely, quickly and reproducibly outside a lab- 
oratory setting with rapid or immediate information die- 
play. 

One common medical test is the measurement of 
blood glucose levels by diabetics. Current teaching 
counsels diabetic patients to measure their blood glu- 
cose level from two to seven times a day depending on 
the nature and severity of their individual cases. Based 
on the observed pattern in the measured glucose levels 
the patient and physician together make adjustments in 
diet, exercise and insulin intake to better manage the 
disease. Clearly, this information should be available to 
the patient immediately. 

CunerttyametrKxl widely used in the united States 
employs a test article of the type described in U S. Pat- 
ent 3,298,789 issued January 1 7. 1 967 to Mast In this 
method a sample of fresh, whole blood (typically 20-40 
Hi) «s placed on an ethylcellutose-eoated reagent pad 
containing an enzyme system having glucose oxidase 
and peroxidase activity. The enzyme system reacts with 
glucose and releases hydrogen peroxide. The pad also 
contains an indicator which reacts with the hydrogen 
peroxide in the presence of peroxidase to give a color 
proportional in intensity to the sample's glucose level 

Another popular blood glucose test method em- 
ploys similar chemistry but uses, in place of the ethyl- 
cellulose-coated pad. a water-resistant film through 
which the enzymes and indicator are dispersed This 
type of system is disclosed in United States Patent 
3,530,957 issued December 28, 1971 to Rey et at 



In both cases the sample is allowed to remain in 
contact with the reagent pad for a specified time (typi- 
cally one minute). Then, m the firet case, the btoodsam- 
Pte'sv^edoffwithastreamofwaterwhileinthesec- 
e o^case,itiswipedoffthefilrn.Thereagentpadorfilm 
is then blotted dry and evaluated. The evaluation of the 
analyte concentration is mads either by comparingcolor 
generated with acolorchartorby placing the pad or film 
m a diffuse reflectance instrument to read a color inten- 
10 sity value. n 

While the above methods have been used in glu- 
cose monftorihg for years, they do have certain fimita- 
trons. The sample size required is rather large for a fin- 
ger stick test and is difficult to achieve for some oeoole 
« whose capillar blood does not express readily. 

In addition, these methods share a limitation with 
othersimpie lay-operator colorimetric determinations in 
that their result is based on an absolute color reading 
which is in turn related to the absolute extentof reaction 
the sample and the test reagents. The fact that 
the sample must be washed, blotted or wiped off the re- 
agent pad after the timed reaction interval requires that 
te* ttHt-b& ready at the end of the timed interval and 

« r£l°li Pplya ^ ***** atthe bedtime. The 
act^matthereactionisstopr^byremovingthesample 
leads to some uncertainty in the result, especially in the 
hands of the home user. Cverwashing, overblotting or 
overwiping can give low results and underwashing can 
give high results. 
30 Another problem that often exists in simple lay-op- 
eratordeterminations is the necessity for initiating a tim- 
ing sequence when blood is applied to a reagent pad 
A user win typically have pricked his or her fingerto ob- 
tain a blood sample and will then be required to simul- 
* taneously apply the blood from the finger to a reagent 
pad while starting a timer with his or her other hand 
thereby requiring the use of both hands simultaneously' 
This rs particularly difficult since it is often necessary to 
ensure that the timer is started onywhen blood is ap- 
40 Pl'edtoftereagentpad. All of the prior art methods re- 
quire additional itiantpulations or additional circuitry to 
achieve this result. Accordingly, simplification of this as- 
pect of reflectance reading instruments is desirable 

Great improvements have been achieved upon the 
introduction of the systems described in U.S Patents 
5179,005. 5.059,394. 5.049.487, and 4,935,346 
wherein an apparatus is provided for accepting a test 
strip having a test pad, one surface of which comprises 
a reaction zone adapted to be optically readable by said 
so apparatus. The test strip is inserted into the apparatus 
the apparatus is started and then whole blood is applied 
onto the test pad. At least a portion of such blood is al- 
lowed to permeate to the reaction zone whereby any an- 
alyte present therein will react with color-preducing re- 
55 aflents in the test pad to alter the light reflectivity char- 
acteristics of the reaction zone. The reflectivity of the 
reaction aone is then a measure of the presence andtor 
quantity of analyte present in the blood sample. As de- 
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scribed in the aforementioned patents, this system does 
not require a large sample of bfood nor does it require 
the user to undertake timed manipulations with respect 
to the beginning or end of the reaction, instead, because 
the strip is first inserted into the apparatus prior to the 
application of the sample, a standard reflectance read- 
ing of the reaction zone in the dry state may be obtained. 
TTie beginning of the reaction can be detected by the 
first "breakthrough - of the liquid sample onto the reac- 
tion zone by monitoring the reflectance and comparing 
the reading to the standard reflectance of the dry reac- 
tion zone. A reflectance reading taken at a predeter- 
mined time after the reaction has begun and compared 
to the standard reflectance, i.e., the dry reaction zone 
reading, will be indicative of the quantity of analyte 
present in the sample. 

Wh3e the above described system does indeed 
solve the problems of the prior art and relieves the user 
of the burden of measurement and timing, it does re- 
quire that the user apply a sample of blood onto the strip 
while the strip is in the apparatus. Forthe most part this 
represents no problem to the vast majority of users. 
However, certain users suffer from handicaps such as 
poor vision or impaired motor coordination so that the 
accurate application of blood from such users' pricked 
fingers to the strip, in place on the apparatus, represents 
a hardship. Further, for institutional users, for example, 
there is the possibility mat some quantity of blood re^ 
mains on the device f 10m a prior user, since the systems 
necessitate applying one's pricked finger to the device. 
In such instances there is the need to disinfect the de- 
vice between users. 

Accordingly, for the above reasons, in the case of 
at least some users, it would be preferable to first apply 
the blood sample to the strip prior to inserting the strip 
into the apparatus. Unfortunately, by doing so the appa- 
ratus no longer has the capability of reading reflectance 
* of the dry, unreacted, reaction zone, i.e., at no time is 
the dry reaction zone presented to the apparatus. This 
reading was necessary in the prior devices to provide a 
calibration standard for determining the reflectance 
change as a result of the reaction and hence the pres- 
ence and/or quantity of the analyt© in the sample. 

in a commonly assigned, copending US. patantap- 
pltoation Serial No. 067302,160; PCT/US 95/12156 en- 
titled -Optically Readable Strip For Anaiyte Detection 
Having On-Strip Standard", incorporated herein by ref- 
erence, there is described a strip, apparatus, and meth- 
odology for allowing the user to apply a sample to the 
strip before inserting it into the reading apparatus while 
also providing a calibrated standard. This above-refer- 
enced patent application teaches a strip which compris- 
es a portion for having the liquid applied thereto, this 
portion having an optically visible surface (i.e., at least 
with respect to the optics of the apparatus to be em- 
ployed with the strip) defining a reaction rone. The re- 
action zone is such that its reflectance varies as a func- 
tion of the quantity of analyte present in the applied liq* 



uid. Preferably, such is accomplished by the analyte, if 
present, reacting with reactants to produce a color 
change of the reaction zone. The test strip further com- 
prises an optically visible standard zone of high reflet* 
5 mce > restive to the reflectance of the reaction zone. 
. The standard zona is positioned on the strip so as to 
toad the reaction zone as the strip is inserted Into the 
apparatus. 

Accordingly, the apparatus may be provided with 
» optical means for sequentially determining the reflect- 
ance value of the standard zone as the strip Is being 
inserted into its fully inserted position in the apparatus 
and the reflectance value of the reaction zona after the 
strip has been inserted. Additionally, the apparatus is 
1S Prided with means for calculating the presence and/ 
or quantity of the analyte in question as a function of the 
standard zone reflectanceand the reaction zone reflect- 
ance. 



Owing to the configuration of the strip of this inven- 
20 t[on a** specifically, the provision of a standard zone 
leading the reaction zone, the aforementioned appara- 
tus need be provided with only one set of optics, e.g„ 
one light emitting diode and one light detector for road- 
mg the reflection at a single position along the path of 
25 the strip. 

In operation, the user turns on the apparatus, ap- 
plies the sample to a fresh strip and then inserts the strip 
fully Into the apparatus and reads the results. Without 
intervention of the user, the strip, configured as ds- 
3o senbed, allows the apparatus to read the reflectance of 
fight incident upon standard zone as it passes the optics 
of the apparatus as the strip is inserted. This reading is 
then calibratedtoaccount for vaiiationsowingto chang- 
es in the apparatus from the factory condition and to lot- 
35 to-totvariattonsinto^ 

after presents the reaction zone to the optics of the ap- 
paratus and the reflectance of this surface may be read. 
Means are provided for the apparatus to calculate and 
report the analyte presence or concentration as a f unc- 
40 tion of these readings. 

The above-described system has gone a long way 
toward easing the users task In determining analyte 
concentration. It will be appreciated, however, that it is 
fundamental to the successful, optical reading of a strip 
45 on which liquid has been applied, that the strip be prop- 
eriy oriented when inserted into the apparatus. Specifi- 
cally, the strip must be inserted right side up and fully 
into the apparatus. In a surprising number of cases, the 
strip is improperly introduced upside down or not com- 
50 Pktdy inserted with a resultant erroneous reading. At 
best, such an error, if not caught immediately, requires 
discarding the strip, which can be contaminated or oth- 
erwise altered In the erroneous attempt to use ft upside 
down and repeating the process with a fresh strip. Ob- 
55 viousfy, in the case of a blood sample requiring another 
finger pricking, this is highly undesirable, in the worst 
case, the erroneous results may be accepted by the us- 
er with potentially adverse consequences. 
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A prior art device sold by the Boehringer-Mamheim 
Company under the trademark Accutrend® is provided 
with a black band on the trailing end of the strip. The 
apparatus for use with such a strip appears to be pro- 
vided with two sets of optics; one to read a first zone s 
and the second to read the black band. It appears that 
the apparatus is provided with microprocessing means 
for recording the absence of detection of such black 
band by the second set of optics. Such absence would 
be indicative of the strip having been inserted upside » 
dowi. 

Such a system provides some safety in insuring that 
the strip has been inserted right side up but does not 
provide sufficient safety to insure that the strip is fully 
inserted; i.e., the strip could buckle and record a proper is 
reading of the back band without full insertion. Further, 
a failure of the optics due to an anomaly such as dirt on 
the strip could cause a false reading that the strip has 
been properly inserted. 

In a commonly assigned, copending U.S. applica- 20 
tion Serial No. 08/302.660; PCTVUS 05/12090, entitled 
■Optically Readable Strip for Analyta Detection Having 
Cri^fripG^ 

reference, a simple method for assuring detection of a 
strip inserted upside down is described. In some in- 2s 
stances, however, still greater assurance is felt 10 be 
necessary. Accordingly, there is a need to provide a sys- 
tem wherein the upside down insertion of a strip or fail- 
ure to fully Insert a strip is detected and to accomplish 
this with a method that provides a high degree ofassur- so 
anee against false positives. 



Summary of the Invention 

In accordance with the teachings of this invention, as 
a strip and apparatus are provided for determining the 
presence or quantity of an analyte in a liquid by inserting 
the strip into a passageway of a reading apparatus 
wherein means are provided for rapidly affirming to a 
high degree of assurance that the strip has been fully 4> 
inserted right side up with respect to the optics of the 
apparatus. 

Specifically, the test strip of this invention is a flat, 
longitudinally extending strip having first and second 
major surfaces, an insertion end for leading the insertion *s 
of the strip into the passageway of the apparatus and 
an opposite trailing end. One of said major surfaces and, 
preferably the first major surface, is provided at a posi- 
tion intermediate to the insertion end and the trailing 
end, with a reaction zone, i.e., an area on the first major so 
surface readable by the apparatus when the strip is fully 
and properly inserted into the passageway. The reaction 
zone has the property of producing an apparatus-read- 
able indication which is a function of the presence or 
quantity of the analyte in the liquid when a sample of the ss 
liquid is applied to the strip. 

In accordance with the teachings of this invention, 
the extreme portion of one of said major surfaces and 



preferably the first surface, at the insertion end of the 
strip, is. firstly, provided with apparatus detectable 
means for cooperating with detection means at the cor- 
responding end of the passageway of the apparatus. 
Accordingly, the apparatus can be programmed to de- 
termine whether or not the insertion end of the strip has 
reached this point in the apparatus passageway, Le., 
whether or not the strip has been fully inserted. Second- 
ly, this extreme portion of the strip at the insertion end 
is further provided with an asymmetricai shape (asym- 
metrical in the sense of not exhibiting line symmetry 
about the longitudinal center line of the strip). Accord- 
ingly, the passageway can be provided with a mating 
configuration for such asymmetrical strip portion when 
the strip is inserted right side up. On the other hand, 
should the strip be inserted wrong side up, then the 
asymmetry will cause the strip and passageway to in- 
terfere and prevent the strip from being fully inserted. 
The detectable means on the strip, cooperating with the 
detection means in the passageway will then recognize 
the error. 

As can be seen from the above description, when 
adhering totfte teachings otthls *Witionrfr^ea^ss 
essentially physically impossible to fully insert an upside 
down strip into the passageway and further, any strip 
not fulry inserted (irrespective of its orientation other- 
wise) will be recognized by the apparatus as an error. 

In a preferred embodiment, the reaction zone is a 
surfaced a test pad containing reagents for altenhg the 
reflection properties of the reaction zone as a function 
of the quantity of analyte in the liquid applied to such 
test pad. The apparatus is equipped with an optical sys- 
tem for reading reflectance values of the reaction zone. 
Such a system is employed, for example, in determining 
the quantity of such anafytes as glucose, cholesterol 
and alcohol in human blood. 

in a specific embodiment, the detectable means at 
the extreme portion of the first surface of the strip com- 
prises a band of material having an apparatus readable 
reflectance and the detection means in the apparatus 
comprises a source of light directed onto such band and 
a reflected light detector. In another specific embodi- 
ment, the detectable means on the strip comprises an 
electrically conductive material and the detection means 
in the passageway comprises two contacts and associ- 
ated circuitry whereby the presence of the detectable 
means overlying the contacts when the strip is fully in- 
serted closes an electrical circuit, the closing of which 
is monitored by the apparatus. 

Brfef Description of the Drawings 

The present invention can be more readily under- 
stood by reference to the following detailed description 
when read in conjunction with the attached drawings 
wherein: 

Figure 1 is an exploded, perspective view of a strip 
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and apparatus embodying the teachings of this in- 
vention; 

Figure 2 is a partial, longitudinal, cross-sectional 
viewtaken along line 2-2 of Figure 1 and illustrating 
the strip fully inserted into the apparatus; 



Figure 3 Is a partial, transverse, cross-*ectional 
view, taken along line 3-3 of Figure 1 and illustrating 
the strip fully inserted into the apparatus; 



Figure 1 4 is a schematic illustration of the circuitry 
for the detecting means of Figure 1 3; and 

Figure 15 illustrates a detail of a strip passageway 
shown In longitudinal cross-section. 

Detailed De scription of the Invention 



Figure 4 is a perspective view Illustrating a strip of 
this invention; 

Figure 4a is a plan view of a part of a major surface 
of the strip of Figure 4; 

Figure 5 is a schematic, composite, planar view of 
a first embodiment of a strip of this invention and 
the passageway of an apparatus useable in con- 
junction with the strip, prior to inserting the strip into 
the passageway; 

Figure 6 Is a schematic, composite, planar view of 
the strip and passageway of Figure 5 wherein the 
strip is correctly inserted into the passageway; 

Figure 7 is a schematic, composite, planar view of 
the strip and passageway of Figure 5 wherein the 
strip is inserted upside down; 

Figure 8 Is a schematic, composite, planar view of 
the strip and passageway of Figure 5 wherein the 
strip is Inserted right side up but not completely into 
said passageway; 

Figure 9 is a schematic, composite, planar view of 
a second embodiment of a strip of this invention and 
the passageway of an apparatus usable in conjunct 
tton with such strip, prior to inserting the strip into 
the passageway; 

Figure 10 is a schematic, composite, planar view of 
the strip and passageway of Figure 9 wherein the 
strip is correctly inserted into the passageway; 

Figure 11 is a schematic, composite, planar view of 
the strip and passageway of Figure 9 wherein the 
strip is inserted upside down; 

Figure 12 is a schematic, composite, planar view of 
the strip and passageway of Figure 9 wherein the 
strip is inserted right side up but not completely into 
said passageway; 

Figure 1 3 is a schematic, composite, planar view of 
the strip and passageway of Figure 10 illustrating 
the detecting means in the apparatus; 



Turning now to the drawings, Figure 1 illustrates in 
10 exploded, perspective view, a strip 10 for applying a 
sample thereon and for inserting such sample laden 
strip 10 into an optical reading apparatus 12. The em- 
bodiments of the strip 1 0 and apparatus 1 2 wil I general fy 
be described hereinafter in terms of detection and quan- 
trfication of glucose but it will be understood by those 
skilled in the art that the teachings herein are not limited 
to glucose determinations, and instead may be applied 
to other analyte determinations. Further, for the purpos- 
es of simplification and clarity, the strip 1 0, the apparatus 
20 1 2 and their respective component parts shall all be de- 
served as being in the orientation shown in the drawings 
and terms such as "the bottom - and the top" shall be 
ployed consist 

preciated, however, that this method of description le 
25 convenient and thai in no way is the invention 

restricted to such orientation and, in fact, the strip and 
strip holder may be rotated through any angle relative 
to the apparatus and the teachings herein shall stBI ap- 
ply. 

As can be seen in Figure 1 , the strip 10 is adapted 
to be inserted longitudinally, intoan opening 14ofastrip 
holder 16 carried on apparatus 12. Strip holder 16, 
shown in more detail in Figures 2 and 3, is preferably 
removable from apparatus 1 2 for cleaning. The appara- 
& tus 12 is provided on its visible surface with a screen 18 
on which messages, instructions, error warnings, and 
most importantly, results may be displayed by means 
such as liquid crystal displays as are well known in the 
art Such information may be conveyed by letters, 
40 words, numbers or icons. Additionally, apparatus 12 is 
provided with a power switch for activating the appara- 
tus, preferably with batteries and such power switch is 
shown as push button 20 on the drawings. 

Referring now to Figures 2 and 3. illustrated therein 
46 »" longitudinal and transverse cross-sectional views re- 
spectively, is the removable strip holder 16 with a strip 
10 fully inserted therein, together with fragmentary 
views of the adjacent parts of the apparatus 1 2. The strip 
holder 1 6 is comprised of an upper guide 22 and a lower 
so guide 24 which together form a channel or strip pas- 
sageway 26 into which the strip is inserted via opening 
14. The extent of insertion of the strip is determined by 
strip impeding wall 31, which, in accordance with the 
teachmgs of this invention is designed to mate with the 
shape of the insertion end of the strip when the strip is 
properly inserted and to interfere with the insertion end 
of the strip when the strip is inserted upside down. It 
should be noted that the passageway 26 is canted at an 
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angle with respect to the plane of the bottom 28 of the 
apparatus 12, so as to facilitate the insertion of strip 10 
into the apparatus when the apparatus Is sitting on a flat 
surface. 

The lower guide 24 is provided with an aperture 30 
through which the bottom major surface 11 of the strip 
1 0 can be "seen" by the optics located below lower guide 
24. As will be understood hereinafter, the aperture 30 is 
positioned along the lower guide 24 so as to "see" the 
bottom surface of a reaction zone of strip 10 when the 
strip 10 is fully inserted into passageway 26. 

The optics for the apparatus are located in optic 
block 32 affixed to apparatus 12. Optic block 32 contains 
a light emitting diode (LED) 36 capable of directing light 
through aperture 30, upon a surface such as the lower 
surface 11 of the strip. The light emitting diode is pref- 
erably one which emits light of essentially a uniform 
wavelength in rapid bursts for a period of time, each time 
it is activated. For the purposes of glucose determina- 
tion it has been found preferable to employ two such 20 
LEO'S, each emitting light at a different wavelength and 
preferably at 660 and 940 nanometers (LED 660 and 
LED 9m, respective^). Th0 /^^ btecM^^a,Gom- 
prises a photodetector 36. a device capable of intercept- 
ing light reflected from the surface upon which the LED's zs 

focus and converting such light into a measurable volt- 

_ __ _ 
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TABLE 1 • 




DIMENSIONS FOR FIGURE 15 


I ANGLES (Degrees) 


A 


26 


1 B 


17 


C 


9 




DISTANCES -cm (Inches) 


Li 


1.43 (0.562) 


La 


1.19(0.467) 


La 


0.47(0.184) 




0.03(0.013) 


| CURVATURE 




RADIUS <m (Inches) 


CENTER (X.Y In) 




0.5(0.2) 


0.207, 0.179 


FL 


0.86(0.347) 


-0.391,4.300 


R 3 


0.25(0.100) 


0.417, 0.006 


R4 


6.69 (2.635) 


0.412,2.603 



Incorporated into the upper guide 22 is bias means 
40 which is adapted to be biased toward the upper sur- 
face 42 of the lower guide in the area of the aperture 30 
so as to ensure that the portion of the strip 10 lying over 
the aperture 30 is flat and presents an optically consist- 
ent surface to the optics. As illustrated in the drawings, 
bias means 40 comprises an elastomeric membrane 
having, on its surface opposing the aperture, a ring-like 
projecting gasket 44 which is adapted to bear against 
the strip when in place and hold the strip flat to the ap- 
erture. Centered within the ring-like projection is a color- 
ed target preferably gray, hereinafter referred to as the 
"gray target" 45. The gray target 45 presents to the op- 
tics a surface for assuring the correct calibration of the 
apparatus before the strip is inserted Additionally, it is 
the gray target that is "seen" by the optics once the ap- 
paratus is turned on and before a strip is inserted* 

The bias means 40 may take forms other than that 
of an elastomeric membrane. For example, a leaf spring 
can be used as such bias means. In a copending, com- 
monly assigned U.S. patent application : Serial No. 
08/302,282; PCT/US95/12089 (incorporated herein by 
reference), such alternative bias means are described 
and include a particularly useful means in which the pas- 
sageway 26 is designed in a serpentine configuration 
which, in combination with a strip having spring proper- 
ties, serves to function as a bias means. Such a pas- 
sageway is illustrated in Figure 15 wherein upper guide 
22 and lower guide 24 are shown. TABLE 1 below re- 
cites preferred dimensions for the angles, distances and 
radii; all based on the x,y coordinates shown in the Fig- 
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Referring nowto Figure 4 illustrated therein isaper- 
spective view of the bottom major surface 43 of a strip 
46 embodying the teachings of this invention. 

This embodiment is described herein in terms of be- 
ing employedfor detecting glucose in whole blood, it be- 
ing understood that the general teachings herein are ap- 
plicable to detecting any analyte in liquids. 

The strip 46 comprises an elongate and generally 
rectangular support 47 onto which is attached a test pad 
48 containing reactants and provided with an overlying 
transport medium 50. In use the sample is to be applied 
to the top surface of the transport medium 50 overlying 
the test pad 48. A portion of the sample penetrates 
through the test pad and any glucose present reacts with 
the reactants therein to produce a color change which 
is visible on the bottom surface of the test pad. A support 
aperture 52 Is provided through the support for aligning 
with aperture 30 in the lower guide of the apparatus 
when the strip is fully inserted thereto, so that a portion 
of the bottom of the surface of the test pad will be visible 
to the optics of the apparatus (such portion hereinafter, 
the reaction zone). 

Details of these components of the strip are de- 
scribed In copending U.S. Serial No. 881,970, filed on 
May 12, 1992 and incorporated herein by reference. 
Briefly, the transport medium 50 comprises pores which 
draw the sample therethrough by capillary action. The 
transport medium may be composed of natural materi- 
als such as cotton or paper, as well as such synthetic 
materials as polyesters, polyamides, polyethylene and 
the like. 
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The transport medium has pores having an effective 
diameter in the range of about 20 microns to about 350 
microns, preferably about 50 to about 150 microns, e. 
g.. 100 microns. The transport medium is generally hy- 
drophilic or may be rendered hydrophilic by treatment 
with surfactants compatible with red blood cells. One 
such compatible surfactant fe MAPHOS™ 66 sold by 
Mazer Chemical, a division of PPG Industries Inc. 
Chemicals of Gumee, Illinois. In a preferred embodi- 
ment, the transport medium is capable of absorbing 
blood samples of up to about 20 to about 40 microliters 
ag., 30 microliters. 

The transport medium may be, for example, a filter 
paper or sintered plastic material, such as those porous 
polyethylene materials commonly available from the Po- 
rex Corp. of Fairbum, Georgia. The transport medium 
is generally fabricated to have a thickness of about 
0.022 inch, with about 0.64 cm (0.25) inch width and 
about 2.5 cm (1 .0 inch) length. The transport medium is 
treated with a red blood cell compatible surfactant solu- 
tion. Since only about 3 to about 5 microliters of blood 
are required to saturate the testing pad, the transport 
n^ium wiU prefer^ 

order not to require large volumes of blood. Excess 
blood applied to the reagent strip is absorbed and held 
in the portion of the transport medium which extends be- 
yond the test pad. 

The test pad and its preparation are also set forth 
in detail in U.S. Patent 4,935,346 and need not be de- 
scribed in detail herein. Essentially; the test pad is a hy- 
drophilic porous matrix to which reagents may be cov- 
alently or non-covalently bound. Examples of a suitable 
material include polyamides, which are conveniently 
condensation polymers of monomers of from 4 to 8 car- 
bon atoms, where the monomers are lactams or combi- 
nations of diamines and di-carboxylic acids, polysul- 
fones. polyesters, polyethylene, and cellulose based 
membranes. Other polymeric compositions may also be 
used Further, the polymer compositions may be modi- 
fied to introduce other functional groups so as to provide 
for charged structures, so that the surfaces may be neu- 
tral, positive, or negative, as well as neutral, basic, or 
acidic. The material of choice is a hydrophyte, anisotrop- 
ic polysulfone membrane having pores varying in size 
from large to small through the thickness of the matrix. 
The preferred matrix is obtained from the Memtec Amer- 
ica Corporation of Maryland and has an average pore 
size ranging from 0.34 to 0.4 micrometers e.g., 0.37 and 
a thickness of from about 1 25 to about 1 40 micrometers 
e.g. , 1 30 micrometers. The ratio of the average diameter 
of the large to the small pores is about 100. 

The transport medium 50 is attached to the test pad 
48 by an adhesive layer (not shown). Suitable adiesrves 
for this purpose, including acrylic, rubber, and ethylene 
vinyl acetate (EVA) based formulations. A hot melt ad- 
hesive such as those known in the art, is preferred. 

The adhesive may be placed In continuous stripes 
located only near the perimeter of the test pad, leaving 



a central portion of the receiving surface of the test pad 
substantially unobstructed 

Alternatively, when the transport layer is composed 
of a material thai fuses at industrially practical temper- 
* atures, the transport layer may be attached directly to 
tho test pad by an application of heat and pressure. The 
transport layer is heated until it begins to melt and then 
pressed against the testing pad and cooled. Direct at- 
tachment of the transport layer to the testing pad by fu- 
io 5 ion obviates any need for a distinct adhesive layer. 

The adhesive layer connects the transport medium 
to the sample receiving surface of the test pad. The 
transport medium is adapted to accept a whole blood 
sample and transport a detectable portion of the sample 
is to the receiving surface by capillary action. The trans- 
port medium preferably extends past one or more ends 
of the test pad so as to form a reservoir for holding ex- 
cess amounts of blood sample which may be present 
during actual use. It is usually more desirable to retain 
so such excess amounts of the blood sample in the trans- 
port medium, rather man allowing the excess to drip up- 
on the user or upon the viewing means in an uncon- 
troitedfa^fcrj. 

port medium be capable of holding from about 20 to 
25 about 40 microliters of blood, preferably about 30 micro- 
liters of blood and of passing from about 3 to about 5 
microliters of blood to the test pad. 

The test pad is impregnated with a color forming re- 
agent system specific to an analyte. Typical analytes are 
30 glucose, cholesterol, urea, and many others which will 
readily occur to those skilled in the an Preferably, the 
color forming reagent system includes an enzyme which 
selectively catalyzes a primary reaction with the analyte 
of interest. A product of the primary reaction may be a 
35 dye which undergoes a change in color that is detecta- 
ble at the reaction zone. Alternatively, the product of the 
primary reaction may be an Intermediate which under- 
goes another reaction, preferably also enzyme cata- 
lyzed, and participates in a secondary reaction which. 
40 directly or indirectly, causes a dye to undergo a change 
in color which is detectable at the reaction zone. 

An exemplary color-fomting reagent system is the 
system which is specific to glucose and contains glu- 
cose oxidase, a peroxidase, and an oxidizabiedye. Glu- 
45 cose oxidase is an enzyme, usually obtained from As- 
pergillus Niger or Penicillium, that reacts with glucose 
and oxygen to produce gtuconolactone and hydrogen 
peroxide. The hydrogen peroxide so produced, cata- 
lyzed by a peroxidase enzyme such as horseradish per- 
50 oxidase, oxidizes adye. The resulting chromophore (the 
oxidized dye) exhibits a color that may be observed at 
the reaction zone. Many suitable oxidizabie dyes are 
known in the art including, for example, those set out in 
U.S. Patent 5,304,468 incorporated herein by refer- 
ss ence. One particularly useful oxidizabie dye is the3-me- 
thyf-2 benzothiazolinone hydrazone hydrochloride/ 
8-aniiino 1-naphthalenesulfonate dye couple (MBTH/ 
ANS couple) described in copending U.S. patent appli- 
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cation Serial No. 245,940, filed May 1 9, 1 994 (LFS 30). 
Many other suitable color-forming reagent systems spe- 
cific to particular analytes are known in the an A dye 
couple of choice is a derivative of MBTH, meta[&methy) 
2-benzothiazolinone hydrazone] N^sutfonyl benze- 
nesutfonate monosodium coupled with ANS. This com- 
bination is described in detail in U.S. Patent Application 
SeriaJ No. 08/302,575; PCT/US95/12091 incorporated 
hereby by reference. 

The support 47 may be of a material having the 
properties of being sufficiently rigid to be inserted into 
the apparatus without undue bending or kinking. Pref- 
erably, such support is comprised of materials such as 
polyolefins (e.g., polyethylene or polypropylene), poly- 
styrene or polyesters. A preferred material is the poly- 
ester available from the Imperial Chemical industries, 
lid. of the United Kingdom and sold by them under the 
trademark "Melinex 329' having a thickness of about . 
036cm (0.014 inches). 

Referring to Figure 4, the bottom surface of the strip 
(La, the surface to be inserted in face-to-face relation- 
ship with the aperture 30 of the lower guide of the ap- 
paratus and hence the surface "seen" by the optics of 
the apparatus), presents a reaction zone 54 comprising 
the portion of the test pad 48 visible through the support 
aperture 52. The reaction zone 54 is longitudinally 
placed between the leading insertion edge 56 of the strip 
(leading with respect to insertion into the apparatus) and 
the opposite trailing edge 61 . 

It wifl now be appreciated that In order to get a prop- 
er reading of the reaction zone by the optics of the ap- 
paratus, the reaction zone must be in proper alignment 
with the aperture 30 in the passageway; te., the strip 
must be fully inserted into the passageway 26 right side 
up so that the reaction zone is in face to face relationship 
with aperture 30. 

In accordance with the teachings of this invention, 
this is assured by two provisions. Firstly, the extreme 
portion of the bottom surface at the insertion end of the 
strip is provided with apparatus-detectable means 58 for 
cooperating with detecting means located at the corre- 
sponding end of the passageway of the apparatus. Sec- 
ondly, the correct positioning of the strip is assured by 
combining the apparatus-detectable means and its 
complimentary detection means in the apparatus (here- 
inafter collectively "detection system*) with the feature 
of an asymmetrical strip. 

The detection system may be any of several which 
will occur to those skilled in the art based on the teach- 
ings herein. It has been discovered that a particularly 
useful combination is where the apparatus-detectable 
means 58 comprises a material which is electrically con- 
ductive. 

The detection means in the passageway of the ap- 
paratus may then comprise two electrical contacts and 
associated circuitry, the electrical contacts being posi- 
tioned in the passageway so that the detectable means 
will overly these contacts when the strip is fully Inserted 



and close the circuit, the closing of which can be moni- 
tored by the apparatus. Such a system is more fully de- 
scribed in connection with Figures 5-8 hereinafter. The 
detectable means having the above-described electrical 
5 conduction properties can be comprised of any material 
capable of conducting such as metallic or carbon based 
conductive inks or blends of conductive/resistive mate- 
rials as well as conductive polymers (e.g., polyaniline, 
pofypyrrote, poiyacetylene, orpcJythiophene conductive 
f o polymers doped with a metal, semi-conductor (e.g. zinc 
oxide) or metallic adhesive film or the like. Such mate- 
rials may be applied to the herein prescribed region of 
the strip by any suitable method Accordingly, depend- 
ing on the nature of the conductive material chosen, the 
15 material may be screen printed, flaxographically ap- 
plied, rotogravured, painted, laminated, layered, sput- 
tered, vapor deposited, or even insert molded onto the 
strip. Since the strip is preferably a polymeric film, the 
material may be incorporated into the starting polymer 
20 Gf the strip itself or impregnated therein at some point 
in the strip forming process. 

In an alternative embodiment, the detection system 
canaompi^^idirin^ 

with a material which has reflective properties in marked 
contrast to the reflective properties of the passageway 
when the strip is not present (!.e., the reflectance of the 
empty passageway). In such case, the end of the pas- 
sageway may be provided with a set of optics; i.e., a 
light source such as a light emitting diode (LED) in com- 
30 bination with a reflected light detector such as those de- 
scribed herein for measuring the reflection of the reac- 
tion zoned the strip. Thus, tor example, if the prescribed 
region of the strip is light in color, and hence, highly re- 
flective as compared to an essentially black interior of 
35 the passageway, the contrast in reflected light can be 
recognized by the LED/light detector detection means 
of the apparatus. As has been described In the above 
referred to copending U.S. patent application (LFS 32), 
for reasons of calibrating the reaction zone reflectance 
40 readings, it is highly advantageous to provide the entire 
portion of the bottom surface of the strip leading the re- 
action zone into the apparatus with a contrasting reflect- 
ance property. Accordingly, such a leading area of the 
bottom surface wfll serve as the detectable means. 
45 The desired contrasting reflectance of the detecta- 
ble means may be achieved on a strip of this invention 
by any number of ways as will occur to one skilled in the 
art For example, the support may have laminated to rt, 
in the desired region, a layer having the requisite reflect- 
SO ance. Alternatively, the material comprising the support 
may have incorporated therein a coloring material im- 
parting the proper reflectance to the region comprising 
the detectable means. As further alternatives, the color- 
ing material may be printed or painted onto the appro- 
ss prtate region. 

The method chosen tor accomplishing the contrast- 
ing reflectance values between the detectable means of 
an inserted strip and the passageway in the absence of 
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the strip is not critical. It is, however, important that at 
least a minimal contrast between these two reflectance 
values be exhibited to the detection means of the appa- 
ratus. Accordingly, the lower reflectance value should 
be no more than 0.9 times the higher reflectance value 
and. preferably, no more than 0.5 times. 

Referring to Figure 4a, in a preferred embodiment, 
the detectable means 58 are optimally located with re- 
spect to the reaction zone 54, Specifically, the portion 
54 of the reaction zone readable by the apparatus com- 
prises a centerpoint 53, centrally located on the longitu- 
dinal centeriine A-A. The detectable means 58 are lo- 
cated within the area 55, which area 55 is defined by 
two parallel lines, L 1 and Lg, at an angle X with the lon- 
gitudinal centeriine. The angle X has a value of about 
45°. The lines Lj and L% are spaced apart by a distance 
of D v which is preferably about 0.81 cm (0.32 inches). 
Lg, the line closest to the centeipolnt 53, is at a distance 
Da from the centerpoint, the distance being taken along 
the longitudinal centeriine. D 2 is preferably about 1 .32 
cm (0.52 inches). 

The strip with apparatus detectablo means is further 
prc>wd3d wt+h the feature of ^syrpjnetry t^ assura proper 
insertion. As described herein, this asymmetry refers to 
providing that the extreme portion of the strip at the in- 
sertion end is given an asymmetrical shape in the sense 
that there is no One symmetry about the longitudinal cen- 
teriine, A-A in Figure 4. TTius, it can be seen from the 
embodiment shown in Figure 4 that this insertion end 
comprises a region wherein, at a given point (e.g. , point 
a), on the longitudinal center line A-A, the normal dis- 
tance to a first longitudinal edge 49 (distance a-b) is less 
than the normal distance to the second edge 51 (dis- 
tance a-c). This is accomplished in the embodiment 
shown in Figures 4-8 by simply sloping the edge 49 at 
an angle toward the centerGne. This is also accom- 
plished by the configuration shown in Figures 9-12 
wherein a rectangular "comer 11 is cut out of the insertion 
end of the strip. It will be apparent to those skilled in the 
art that, based on the teachings herein, many other 
shapes may be given to the strip in this region to conform 
to the prescription herein including curved edges, 
notched edges or combinations of any of these config- 
urations. 

The features of providing a strip with an apparatus- 
detectable means and an asymmetrical configuration at 
the insertion end thereof combine to assure that when 
such a strip is employed in an apparatus having appro- 
priate detection means and a mating passageway, a 
reading of an improperly inserted strip is not possible. 
This is illustrated in the embodiment schematically illus- 
trated in Figures 5-3. Shown in Figure 5 is strip 60 ex- 
hibiting detectable means 62 and support aperture 64. 
The bottom major surface 66 is viewed in the full lined 
schematic view on the left and the top major surface 68 
is shown in the phantom line view on the right. In this 
embodiment, the detectable means 62 comprises an 
electrically conductive surface. Also shown in Figure 5 



is the complementing portion of an apparatus 70 where- 
in the passageway 72 at its end 74 contains two contacts 
76, 76 (with associated circuitry not shown) as the de- 
tection means. Strip 60 is provided with the same asym- 
5 metry described in connection with Figure 4 and, ac- 
cordingly, the end of passageway 72 is provided with 
strip impeding walls SO, 82 which mate with the insertion 
end of strip 60 when the strip is properly inserted Pas- 
sageway 72 is also provided with optics 84 for reading 
10 the reaction zone 63. 

Referring now to Figure 6, it can be seen that strip 
60 is properly and fully inserted into passageway 72. Ac- 
cordingly, detectable means 62 now overlies contacts 
76 and 78 closing the electrical circuit. The apparatus 
is may be provided with microprocessing means for rec- 
ognizing the closing of the electrical circuit and, hence, 
allowing further reading of the strip to continue. 

Referring to Figure 7, illustrated therein is a strip 60 
inserted into passageway 72 upside down. In this in- 
20 stance, owing to the asymmetry of the strip in conjunc- 
tion with the mating confirmation of the passageway of 
the apparatus, wall 82 interferes with the full insertion 
~ef4te.sb^A££d?dngV. thedeteetabte means 62 does 
not overlie contacts 76 and 78, and the electrical circuit 
25 is not closed. Microprocessing means provided in the 
apparatus fail to detect a closed circuit and may then 
preclude an erroneous reading of the strip. Preferably, 
such detected error is also reported by microprocessing 
means to a user readable display. 
30 Referring to Figure 8, Illustrated therein is a strip 60 
which, while being inserted right side up, has not been 
fully inserted. Again, the detectable means 62 fails to 
overlie contacts 76 and 78 and, hence, the electrical cir- 
cuit is not closed, once again, microprocessing means 
35 will preclude an erroneous reading and, preferably, re- 
port the same to the user. 

Figures 9-12 illustrate another embodiment of the 
invention. Shown in Figure 9 is a strip 90 exhibiting de- 
tectable means 92 and support aperture 94, with the bot- 
40 torn major surface 96 viewed full lined on the left and 
the top major surface 98 shown in the phantom lined 
view on the right. In this embodiment, the detectable 
means 92 comprises a surface having light reflective 
properties contrasting with those of the passageway of 
45 the apparatus when the strip is not present, i.e., detect- 
able means 92 present a light surface in contrast to a 
dark surface for the walls of the passageway. Also 
shown in Figure 9 is a complementary portion of an ap- 
paratus 1 00 wherein the passageway 1 02 at its end 1 04 
50 contains a detection means 106 which comprises an 
LED/Ught detection combination. Strip 90 is provided 
with the asymmetry described above, i.e., a "comer 1 is 
cut from the insertion end of the strip. Accordingly, the 
end of passageway 1 02 is provided with strip impeding 
& walls 108, 110 and 112 which mate with the insertion 
end of strip 90 when the strip is properly inserted. Pas- 
sageway 1 02 is also provided with optics 1 1 4 for reading 
reaction zone 93. 
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Referring now to Figure 1 0, it can be seen that strip 
90 is properly and fully inserted into passageway 102. 
Accordingly, light detectable means 92 overlies the op- 
tica of detection means 106 which detects a highly re- 
flective surface. The apparatus may be provided with $ 
microprocessing means for recognizing this detected 
highly reflective surface and, hence, allowing the further 
reading of the strip to continue. 

Referring to Figure 11, illustrated therein is a strip 
90 inserted into passageway 102 upside down. In this to 
instance, owing to the asymmetry of the strip in conjunc- 
tion with the mating configuration of the passageway of 
the apparatus, walls 108, 110, and 112 interfere with the 
full insertion of the strip. Accordingly, the detectable 
means 92 does not overlie the optics of detection means is 
106 and no highly reflective surface is detected. Micro- 
processing means provided in the apparatus fail to de- 
tect a highly reflective surface and may then preclude 
an erroneous reading of the strip and report the error to 
the user, using an apparatus display. 20 

Referring to Figure 12, illustrated therein is a strip 
60 which, while being inserted right side up, has not 
been fully inserted. Again, the detectable means 92 fail 
to overlie the optics of the detection means 106 and, 
hence, no highly reflective surface is detected. Once 
again, microprocessing means will preclude an errone- 
ous reading and preferably report the same error to the 
user. 

ft will be appreciated that for the embodiments illus- 
trated in Figures 9-1 2, the detectable means was cho- *> 
sen to be highly reflective and was coupled with a dark 
passageway. The opposite is also possible wherein the 
detectable means is dark and a light target for example, 
is provided h the passageway. I n such case, the micro- 
processor would be programmed accordingly. $$ 

Referring to Figures 13 and 1 4, illustrated schemat- 
ically therein, is the operation of a detectable means of 
the kind employing surface reflectance as the monitored 
characteristic and detection means in the passageway 
of a complementary apparatus employing a transistor 40 
switch coupled with circuitry. Figure 13 illustrates the 
strip 130 having a highly reflectance surface as the de- 
tectable means 1 32. Surface 1 34 represents the low re- 
flective surface •seen" by detection means 136 in the 
absence of the strip in the passageway of the apparatus. 4B 
Detection means 136 comprises an LED emitting fight 
symbolized by arrow 138 and light detection means for 
detecting reflected light, symbolized by arrow 140. De- 
tection means 1 36 also comp rises a switch 1 42 contain- 
ing transistors 144, 146, which when energized by ob- so 
serving reflected light 140 conduct and cause a current 
(shown as T) to flow. Detection means 136 also com- 
prise an application specific integrated circuit (ASIC) 
148 comprising a low voltage power source and a node 
P, at which voltage is monitored. $$ 

Accordingly, when no strip is present in the pas- 
sageway or the strip is not fully inserted, then tight re- 
flectance 1 40 from surface 1 34 is low, essentially nocur- 
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rent flow in switch 142 and the node P is at a relatively 
high potential. Under these conditions, the microproc- 
essor of the apparatus will preclude an erroneous read- 
ing. 

On the other hand, when the strip is in place, sub- 
stantial reflected light 140 energizes the transistors, cur- 
rent flows in switch 142 and the node P is pulled tea 
low potential. This triggers the microprocessor to allow 
the reading of the strip to continue. 

It will be understood that while the above embodi- 
ment is described in terms of having the detectable 
means 1 32 comprise a highly reflective surface and sur- 
face 134 to be of low reflectance, the opposite is also 
possible. In other words, detectable means 1 32 may be 
of a low reflectance surface and surface 134 may be of 
high reflectance. Accordingly, when the apparatus is 
turned on and before the strip is inserted, the switch is 
energized by receiving substantial reflected light. Once 
the strip is properly inserted, such reception ceases and 
current abates. Accordingly, the microprocessor may be 
programmed to only permit further reading of the strip 
upon such abatement of the current. 

Having now fully described the invention, it will fa* 
apparent to one of ordinary skill in the art that modifica- 
tions and changes can be made thereto without depart- 
ing from the scope of the invention as defined by the 
following claim: 



Claims 

1. A longitudinally extending test strip (46) for deter- 
mining the presence or quantity of an analyte in a 
liquid by inserting said test strip into a passageway 
(26) of a reading apparatus (12); 

said test strip having first and second major sur- 
faces, and an insertion end (56) for leading the 
insertion of the strip into said passageway and 
an opposite trailing end (61); 

said fret major surface having, positioned be- 
tween said insertion end and said trailing end, 
a reaction zone (54), a portion of which is read- 
able by the apparatus when the strip is fully in- 
serted into said passageway; 

said reaction zone having the property of pro- 
ducing an apparatus readable indication as a 
function of the presence or quantity of said an- 
alyte in said liquid when a sample of said liquid 
is applied to said strip; 

the extreme portion of one of said major surfac- 
es, at the insertion end, having apparatus de- 
tectable means (58) for cooperating with detec- 
tion means at the corresponding end of the pas- 
sageway; whereby the apparatus can be pro- 
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grammed to determine whether or not the strip 
has been fully inserted therein; 

said extreme portion of said strip at the inser- 
tion end being asymmetrical with respect to the 
longitudinal centerl ine of the strip for cooperat- 
ing with a mating configuration tor the passage- 
way of the apparatus, whereby said strip cannot 
be fully inserted when upside down. 



2. The strip of claim 1 wherein said apparatus detect- 
able means comprises an area having a contrasting 
reflectance-with respect to the reflectance of the 
empty passageway, wherein one of said reflectanc- 
es is higher than the other. 

a The strip of claim 2 wherein the lower reflectance 
value is no more than 0.9 times the higher reflect- 
ance value. 

4w The strip of claim 3 wherein the lower reflectance 
value is no more than 0.5 times the higher reflect- 



5. The strip of claim 1 wherein said apparatus detect- & 
able means comprise electrically conductive mate- 
rial for cooperating with electrical circuitry detection 
means {76, 78) in said apparatus. 

fi. The strip of claim 1 wherein said portion of the re- 
action zone readable by the apparatus comprises a 
centerpoint (53)centially located on the longitudinal 
center line of the strip; and said detectable means 
is within an area defined by two parallel lines at an 
angle of 45* with the longitudinal centerline of the & 
strip, said parallel lines being spaced apart a dis- 
tance of 0.61 cm (0.32 inches) wherein the dis- 
tance, along the longitudinal centerline of the strip, 
between the centerpoint and the line of the parallel 
lines closest to the centerpoint, is 1.32 cm (0.52 40 
inches). 

7. An apparatus for determining the presence or quan- 
tity of an analyte in a liquid applied to a longitudinal fy 
extendina test strip, by employing a test strip (46) 
comprising: 

first and second major surfaces, an insertion 
end (56) for leading the insertion of the strip into the 
apparatus and an opposite trailing end (61); said 
first major surface having, positioned between said so 
insertion end and said trailing end, a reaction zone 
(54) readable by the apparatus when the strip is fully 
inserted into said apparatus in a first orientation; 
said reaction zone having the property of producing 
an apparatus readable indication as a function of ss 
the presence or quantity of said analyte in said liquid 
when a sample of said liquid is applied to said strip; 
said strip further comprising at the insertion end of 



one of said major surfaces, an apparatus detectable 
moans (58), and said strip, at the insertion end, be- 
ing asymmetrical with respect to the longitudinal 
centerline of the strip; wherein 
the apparatus comprises: 

a longitudinally extending passageway (26) 
having an open end (14) for the insertion of the 
strip and an opposed end (31): 
said opposed end having a configuration that 
mates with the asymmetrical insertion end of 
the strip when the strip is inserted into said ap- 
paratus in the first orientation but a configura- 
tion that blocks the full insertion of the strip 
when said strip is inserted in a second orienta- 
tion; 

said opposed end having detection means for 
detecting the apparatus detectable means at 
the insertion end of said strip only when said 
strip is fully inserted into said passageway and 
for producing a signal characteristic of the de- 
tection of said apparatus detectable means. 

& The apparatus of claim 7 wherein the apparatus de- 
tectable means comprise an area having contrast- 
ing light reflectance property with respect to the light 
reflectance properly of the empty passageway and 
the detection means comprises a reflected light de- 
tector (106). 

9. The apparatus of claim 7 wherein the apparatus de- 
tectable means comprises electrically conductive 
material and the detection means comprises elec- 
trical circuitry detection means. 



Patontanspruche 

1 . Sich langs erstreckender Teststreif en (46) zum Be- 
stimmen des vbrhandenseins oder der Menge si- 
nes Analyts in einer Flussigkeit durch Einsetzen 
des Teststreifens in einen Ourchgang (26) einer Le- 
sevojTichtung(12); 

wobei der Teststreifen erste und zweite Haupt- 
serten sowie ein Einsetzende (56) zur FOhrung 
beim Einsetzen des Streifens in den Durch- 
gang und ein gegenuberliegendes hinterss En- 
de(61)aufwerst; 

die erste Hauptseite eine Reaktionszone (54) 
aufweist, die zwischen dem Einsetzende und 
dern h inter en Ende angeordnet ist und von der 
ein Tail durch die Vorrichtung I ©soar ist, wenn 
der Straiten vollstfindig in den Durchgang ein- 
gesetrtist; 

die Reaktionszone die Fahigkeit hat, eine ma- 
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schinentesbare Anzeigo als eine Funktion des 
Vorhandenseins Oder der Mango des Analyts 
in der Flussigkeit herzustellen, wenn eine Pro- 
be der Flussigkeit auf den Strait en auf gebracht 

ist; 

der auBerete Teil einer der Hauptseiten an dem 
Einsetzende ein maschinenerfaBbares Mittel 
(58) zum Zusammenwirken mit Erfassungsmit- 
teln an dem entsprechenden Ende des Durch- 
gangs aufweist, wodurch die Vbrrichtung pro- 
grammiert werden kann, um zu bestimmen, ob 
der Streifen voilstandig dorthinein einge&etzt 
warden "ist oder nicht; 

der auBerste Teil des Straitens an dem Einset- 
zende in bezug auf die Langsmittellinie des 
Streifens zum Zusammenwirken mit einer pas- 
aenden Ausgestaltung fOr den Durchgang der 
Vbrrichtung asymmet risch ist so daB der Strei- 
fen nicht voilstandig eingesetzt werden kann, 
wenn er verkehrt herum liegt, 

2. Streifen nach Anspruch 1, dadurch gekennzeich- 
net, da& das rrtaschinenerfaBbare Mittel einen Be- 
reich umfaBt, der ein kontrastierendes Reflexions- 
vermdgen in bezug auf das Reflextonsvermdgen 
des leeren Durchgangs aufweist, wobei eines der 
Reflexionsvermogen gr68er als das andere ist. 

3. Streifen nach Anspruch 2, dadurch gekennzeieh- 
net, daB der niedrigere Reflexbnsvenmogenswert 
nicht groBer als 0,9-mal der hohere Reflexionsver- 
mogenswert ist 

4. Streifen nach Anspruch 3, dadurch gekennzeich- 
net, daB der niedrigere Reflexiondvermogenswert 
nicht grofler als 0,5-mal der hohere Reflexionsver- 
mogenswert ist 

5. Streifen nach Anspruch 1, dadurch gekennzeich- 
net, daB das maschinenertaSbare Mine! elektriech 
leitfahiges Material zum Zusammenwirken mit ei- 
nem elektrischen Schaltkreis-Erfassungsmittel (76, 
78) in der Vbrrichtung umfaBt. 

a Streifen nach Anspruch 1, dadurch gekennzeich- 
net, daB der von der Vbrrichtung lesbare Teil der 
Reaktionszone einen Mittelpunkt (53) umfafit, der 
zentral auf der Langsmittellinie des Straitens liegt; 
und daB das erfaBbare Mittel innerhalb eines Be- 
reichs liegt, der dutch zwei parallel© Linien in einem 
Winkel von 45° zur Langsmittellinie des Streifens 
festgelegt ist, wobei die parallelen Lhien in einem 
Abstand von 0,81 cm (0.32 Inch) angeordnet sind, 
und der Abstand, entfang der Langsmittellinie des 
Streifens, zwischen dem Mittelpunkt und der Linie 
der parallelen Linien, die am dichtesten an dem Mit- 



telpunkt liegt, 1,32 cm (0,52 Inch) betragt 

7. Vbrrichtung zum Bestimmen des Vorhandenseins 
oder der Menge ehes Analyts in einer auf einen 

s sich Bngs erstreckenden Teststreifen aufgebrach- 
ten Flussigkeit durch Verwenden eines Teststrei- 
fens (46), umfassend: 

erste und zweite Hauptseiten, ein Einsetzen- 
de (56) zur FOhrung beim Elnsetzen des Streifens 

10 in die Vforrichtung und ein gegenflberiiegendes hin- 
teres Ende (61); wobei die erste Hauptseite eine 
Reaktionszone (54) aufweist, die zwischen dem 
Einsetzende und dem hinteren Ende angeoidnet 
und von der Vbrrichtung ablesbar ist, wenn der 

is Streifen in die Vbrrichtung in einer ersten Ausneh- 
tung vollstandig elngesetzt ist; wobei die Reaktions- 
zone die Fahigkeit hat, eine maschinenlesbare An- 
zeige als eine Funktion des Vorhandenseins Oder 
der Menge des Analyts in der FI0s6igkeit herzustel- 

20 len, wenn eine Probe der Flussigkeit auf den Strei- 
fen auf gebracht ist; und der Streifen f emer an dem 
Einsetzende einer der beiden Hauptflachen ein ma- 
schlnaneifaBbares Mtte! (58) aufweist, -und der 
Streifen an dem Einsetzende in bezug auf die 

25 Langsmittellinie des Streifens asymmetrisch ist; 
wobei die Vbrrichtung umfaBt 

einen sich Ifings erstreckenden Durchgang 
(26) mit einem offenen Ende (14) fflr das Ein- 
setzen des Streifens sowte ein gegenOberlie- 
gendesEnde (31); 

wobei das gegenflberliegende Ende eine Kon- 
figii ration aufweist, die mit dem asymmetri- 
es schen Einsetzende des Streifens zusammen- 
paBt, wenn der Streifen in die Vbrrichtung in der 
ersten Ausrlchtung eingesetzt ist, aber eine 
Konfiguration, die das voifstandige Elnsetzen 
des Streifens blockiert, wenn der Streifen in ei- 
40 ner zweiten Ausrichtung eingesetzt ist, 

das gegenOberiiegende Ende ein Erfassungs- 
mittel hat, das die maschinenerfaBbaren Mittel 
an dem Einsetzende des Streifens nur dann er- 
& faSt, wenn der Streifen in den Durchgang zum 

Herstellen einer Signalcharakteristik der Erfas- 
sung der maschinenerfaBbaren Mittel vollstan- 
dig eingesetzt ist 

so a Vorrichtung nach Anspruch 7, dadurch gekenn- 
zeichnet, daB die maschinenerfaBbaren Mittel ei- 
nen Bereich umfassen> der die Eigenschaft eines 
kontrastierenden Uchtreflexionsvermogens in be- 
zug auf die Eigenschaft des Uchtreflexionsvermo- 

55 gens des leeren Durchgangs aufweist, und daB das 
Erfassungsmrttel einen Detektor (1 06) fur reflektier- 
tes Licht umfaBt 



03/15 10:55 1899 FROM: 703 418 0332 

3-1 5-99 ; 1 1 : 29AM ; RT I S REEDFAX 



TO: 6123329081 



PAGE: 14 
J703 418 0332 



# 14/ 22 



23 



EP0781406B1 



24 



a Vbrrbhlung nach Anepruch 7, dadurch gekenn- 
zeichnet, daB das maschinenerfafibare Mittel ein 
elektrisch teitfahiges Material umfadt, und daB das 
Erfassungsmrttel ein elektrisch es Schattkreis-Er- 
fassungsmittel ist. s 



Revendlcatione 

1. Une bande, ou bandelette, de lest (46) s'dtendant 10 
longitudinalement pour d6tenmaw la presence ou 
la quantity cTun analyte dans un liquide en insurant 
ladite band© de test dans un passage (26) d'un ap- 
pareil de lecture (12); 

is 

ladite bande de test comportant une premiere 
et une deuxieme surfaces principales, et une 
extremite d 5 insertion (56) pour servir d'extremi- 
te avant tors de I'insertion de la bande dans ledit 
passage! et une extremity arri&re oppose 20 
(61): 

ladite premiers surface principale comportant 
une zone de reaction (54) qui est positionnee 
entre ladite extremite d'insertion et ladite extre- 
mite arri&re et dont une partie est lisible par Cap- 2s 
pareil torsque la bande est totaiement ine6ree 
dans ledit passage; 

ladite zone de reaction possedant la proprtete 
de produire une indication, lisible par I'appareil, 
qui est fonction de la presence ou de la quantity so 
dudit analyte dans ledit liquide lorsqu'un 6chan- 
tilbn dudit liquide est applique k ladite bande ; 
la partie extreme de I'une desdites surfaces 
principales comportant, k I'extremite deser- 
tion, un moyen (58) detectable par un appareil ss 
pour coop6rer avec le moyen de detection k 
l'extr6mite correspondante du passage; grace 
k quoi I'appareil peut etre programme pour de- 
terminer sf la bande y a ou non ete totaiement 
inser6e; *> 
ladite partie tfextnimite do ladite bande k I'ex- 
tremite d'insertion etant asymetrique par rap- 
port k Faxe central longitudinal de la bande pour 
cooperer avec une configuration concordant© 
pour le passage de I'appareil, grace k quoi la- 
dite bande ne peut pas dtre totaiement Ins6r6e 
lorsqu'il est sens dessus dessous. 

2. La bande selon la revendication 1 dans laquelle le- 
dit moyen detectable par un appareil comprend une so 
zone k reflectance contrastante par rapport k la re- 
flectance du passage vide, Tune desdites reflectan- 
ces etant plus eievee que I'autre, 

3. La bande selon la revendication 2 dans laquelle la ss 
valeurde reflectance plus faible n'est pas superieu- 

re k 0,9 fois la valeur de reflectance plus eievee. 



4. La bande selon la revendication 3, dans laquelle la 
valeurde reflectance phis fable n'est pas superieu- 
re a 0,5 fois la valeur de reflectance plus eievee. 

5. La bande selon la revendication 1 dans laquelle le- 
dit moyen detectable par un appareil comprend una 
matter© electriquement conductrice pour cooperer 
avec un moyen de detection & circuit eiectrique (76. 
78) Indus dans ledit appareil. 

d La bands selon la revendication 1 dans laquelle la- 
dite partie de la zone de reaction lisible par I'appa- 
roil comprend un point central (53) srtue au centre 
de Taxe central longitudinal de la bande; et ledit 
moyen detectable est k Pinterieur d'une zone d4finie 
par deux lignes paralieies formant un angle de 45* 
avec I'axe central longitudinal de la bande, (esdHes 
lignes penalities etant espacees I'une de I'autre 
d'une distance de 0,81 cm (0,32 pouce), la distance 
entre Ee point central et cells des lignes paralieies 
qui est fa plus proche du point central etant, le long 
de raxe central longitudinal de la bande, de 1 ,32 cm 

7. Un appareil de determination de la presence ou de 
la quantite (fun analyte dans un liquide applique k 
une bande de test attendant bngitudinaJement en 
employarrt une bande de test (46) qui comprend: 

une premiere et une deuxieme surfaces prin- 
cipales, une extremite d'insertion (56) pour servir 
cTextremite avant lore de r insert ton de la bande 
dans ledit passage, et une extremite arriere oppo- 
se© (61 ); ladite premiere surface principale compor- 
tant une zone de reaction (54) qui est positionn6e 
entre ladite extremite d'insertion et ladite extremite 
arriere et est lisible par I'appareil brsque la bande 
est totaiement inseree dans ledit appareil selon une 
premiere orientation; ladite zone de reaction posse- 
dant la propriete de produire une indication, lisible 
par I'appareil, qui est fonction de la presence ou de 
la quantite dudit analyte dans ledit liquide lorsqu'un 
echantilton dudit liquide est applique k ladite bande; 
la bande comprenant en outre k I'sxtrerrate d'inser- 
tion de rune desdites surfaces principales un 
moyen detectable (58) par un appareil, et ladite 
bande etant asymetrique, k rexuemrte d'insertion, 
par rapport k raxe central longitudinal de la bande, 
I'appareil comprenant; 

un passage s'etendant tongrtudinalement (26) 
comportant une extremite ouverte (14) pour 
Hnsertion de la bande k une extremite opposee 
(31); 

ladite extremite opposee etant d'une configura- 
tion qui concorde avec I'extremite asymetrique 
d'insertion de la bande lorsque la bande est in- 
seree dans ledit appareil dans la premiere 
orientation, mats d'une configuration qui bloque 
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('insertion complete do la band© forcque ladite 
bande est inseree selon una deuxieme orien- 
tation; 

ladite extremite opposes comportant un moyen 
de detection pour ne detected k Pextremite d'in- s 
sertion de ladite bande, le moyen detectable 
par un appareil que lorsque ladite bande est to- 
talement inseree dans ledit passage et pour 
produire un signal caracteristique de la detec- 
tion du moyen detectable par un appareB. w 
*'>'■.■ . ■- i. 

a L'appareil selon la nevendlcatbn 7 dans lequel le 
moyen detectable par un appareil comprend une 
zone k propridte de reflectance lunn incuse contras- 
tante par rapport a la propriety de reflectance lumi- is 
neuse du passage vide, et le moyen de detection 
comprend un detecteur (106) de lumiere ret!6chie. 

9l L'appareil selon la revenolcation 7 dan$ lequel le 
moyen detectable par un appareil comprend une 20 
matiere electriquement conductrice et le moyen de 
detection comprend un moyen de detection a circuit 
electrigue. 



30 



35 



40 



45 



50 



55 



03/15 10:56 1999 FROM: 703 418 0332 TO: 6123329081 PAGE: 1 

3-15-99; 11 :29AM ;RTI S .REEDFAX ; 703 418 0332 



EP0781 406B1 



03/15 10:56 1999 FROM: 703 418 0332 

3-1 5-99 ; 1 1 : 29AM ; RT I S REEDFAX 



TO: 6123329081 



PAGE: 17 
J703 418 0332 



# 17/ 22 



EP0781406B1 



Of 

f'Jf* 31 




):57 1999 FROM: 703 418 0332 

I- 1S-99J 1 1 :29AM; RTIS REEDFAX 



TO: 6123329081 PAGE: 19 

J 703 418 0332 



EP0781406B1 







03/15 10:57 1999 FROM: 703 418 0332 

"\ 3-15-99; 11 :29AM JRTIS REEDFAX 



TO: 6123329081 



PAGE : 20 
J703 418 0332 



# 20/ 22 




03/15 10:58 1999 FROM: 703 418 0332 

3- 1 5-99 ; 1 1 : 29AM ; RT I S REEDFAX 



TO: 6123329081 



PAGE: 21 
J703 418 0332 



# 21/ 22 



EP0 781 406B1 



/30> 




03/15 10:58 1999 FROM: 703 418 0332 

V ' 3-1 5-99 ; 1 1 : 29AM ; RT I S REEDFAX 



TO: 6123329081 



PAGE: 22 
;703 418 0332 



# 22/ 22 




